Since Whittenbury et al. (24, 25, 27) reported the isolation of methane-utilizing bacteria and the cell structure and biochemical characteristics of these organisms, a number of gram-negative, obligately C1-utilizing bacteria which use the ribulose monophosphate (RuMP) pathway for utilization of C1-compounds have been described (2, 26). We believe that these bacteria consist of the following four major groups, based on a combination of characteristics (utilization of methane or methanol, ultrastructure of cells, and chemotaxonomic and biochemical data): (i) Methylobacillus strains that are unable to utilize methane (the group 1 methanol-utilizing bacteria that we described previously [17, 18, 21, 23, 311); (ii) Methylophaga strains that are unable to utilize methane (the group 11 methanol-utilizing bacteria that we described previously (7, 22, 23); (iii) Methylomonas strains (the group 1 methane-utilizing bacteria that we described previously (19, 22, 26) ; and (iv) Methylococcus strains (the group 2 methane-utilizing bacteria that we described previously (22, 26).
The gram-negative, marine methyltrophs that are unable to utilize methane were first described by Yamamoto et al. in 1978 (29, 30) . These authors called these strains "Alteromonas thalassomethanolica" (28), "Methylomonas thalassica" (28), and LPseudomonas thalassomethanolica'' (K. Kouno, T. Yamamoto, R. Okamoto, and Y. Kan, Japan patent 1,091,470, August 1981). In 1984, Strand and Lidstrom (13) described a similar marine obligate methyltroph (strain FMD) which utilized methanol through the RuMP pathway. These authors did not name their strain but suggested that it might belong to the genus "Methylophilus." The generic name "Methylophilus" was given to the obligately methanol-utilizing, polarly flagellated, gramnegative bacteria by Loginova and Trotsenko (9), but this genus has not been validated to date. In 1985, Janvier et al. (7) studied the taxonomic characteristics of these marine obligate methylotrophs and proposed a new genus, Methylophaga, with two new species, Methylophaga marina and Methylophaga thalassica. These species were principally established on the basis of deoxyribonucleic acid (DNA)-DNA hybridization data and the electrophoretic patterns of enzymes.
In this paper we characterize 10 marine methylotrophic bacteria and present a chemotaxonomic comparison of C1 compounds-utilizing bacteria which use the RuMP pathway for utilization of C1 compounds.
MATERIALS AND METHODS
Bacterial strains. The strains which we studied are listed in Table 1 . A new strain (Na-7) was isolated from seawater. Cultures were maintained on medium E, which was medium B supplemented with 30 g of NaCl per liter and 10 bg of vitamin B12 per liter (22).
Identification methods. Medium E was used for a basal medium. Unless otherwise stated, the strains were cultivated at 30°C. Cell form, Gram reaction, motility, and flagellation were determined by using cells grown on medium E agar. The tests described below were performed by using methanol-containing medium for comparison with other aerobic bacteria. The following characteristics were investigated by using previously described methods (21): production of fluorescent pigments, nitrate reduction, methyl red reaction, Voges-Proskauer reaction, production of indole, production of hydrogen sulfide, hydrolysis of gelation, hydrolysis of starch, production of ammonia, nitrate respiration (anaerobic growth in the presence of nitrate), litmus milk reaction, oxidation-fermentation test, nutritional requirement, utilization of nitrogen compounds, urease activity, oxidase test, catalase activity, cultural temperature, and cultural pH. Tolerance to sodium chloride was tested by inoculating the cells into medium E, and 3% NaCl was replaced with various concentrations of sodium chloride. Utilization of carbon compounds was determined in liquid basal medium E after 3 weeks of cultivation, and methanol was replaced with other carbon compounds. Succinate, citrate, acetate, monomethy lamine, dimethylamine, and trimethylamine were added at concentrations of 0.15% (medium was adjusted to pH 7.1). A total of 17 carbon compounds (L-arabinose, D-xylose, D-glucose, D-mannose, D-fructose, galactose, maltose, sucrose, lactose, trehalose, D-sorbitol, D-mannitol, inositol, glycerol, soluble starch, ethanol, and methanol) were added at concentrations of 0.5%. Utilization of methane was tested under an atmosphere containing CH4, 02, and COz (5:4:1) with shaking in a 1,000-ml conical flask containing 300 ml of medium E without methanol and stoppered tightly with a rubber plug. Utilization of hydrogen was tested by the same procedure as utilization of methane, but in an atmosphere containing HZ, 02, and C 0 2 (8:l:l). Determination of DNA base composition. DNA was extracted by the method of Saito and Miura (12), and guanineplus-cytosine (G +C) content was determined by reversephase high-performance liquid chromatography as described previously (15) .
Determination of cellular fatty acid composition. Cells cultivated in medium E broth at 30°C for 1 day with shaking were used for the cellular fatty acid analysis. Cellular fatty acid composition was determined as described previously (17, 20) .
RESULTS
Phenotypic characteristics of the marine methanol-utilizing bacteria. All strains studied were gram-negative, nonsporeforming, rod-shaped organisms with rounded ends, measuring 0.3 to 0.5 by 0.8 to 2.0 pm. The cells occurred singly, rarely in pairs. All strains were motile by means of a single polar flagellum. Capsules were not formed. The color of colonies was white to light yellow. Granules of poly-phydroxybutyrate did not accumulate in the cells. Cells did not grow in nutrient broth and peptone broth. Water-soluble fluorescent pigments were not produced by any strain. Nitrate was reduced to nitrite. Some strains did not reduce nitrate ( Table 2 ). The methyl red and Voges-Proskauer tests were negative. Indole and hydrogen sulfide were not produced. Hydrolysis of gelatin and starch was not observed. Ammonia was not produced. Nitrate respiration was not performed by any strain. Acid was not produced from sugars oxidatively or fermentatively. Vitamin BI2 was essential for the growth of all strains. Ammonia and urea were utilized by all strains as sole nitrogen sources. Nitrate was utilized by most strains. "Methylomonas thalassica" TK 1105 did not utilize nitrate (Table 2) . Most strains produced urease. "Methylomonas thalassica" TK 1106 did not show iirease activity ( Table 2 ). All strains produced oxidase and catalase. Good growth was observed between pH 6.0 and 8.0. All strains grew at 30°C and did not grow at 47°C. The temperature range for growth differed among strains ( Table 2) . Good growth was observed in the presence of 3% (wthol) NaCl. All strains grew weakly in the medium lacking NaCl and did not grow in the presence of 15% (wthol) NaCI. The sodium chloride range for growth differed among strains ( Table 2 ). All strains utilized methanol and monomethylamine as sole carbon sources but did not utilize methane. About one-half of the strains utilized D-fructose, dimethylamine, or trimethylamine ( (Table 3) .
Cellular fatty acid composition. All of the strains studied contained large amounts of straight-chain saturated ClbZ0 acid and unsaturated C16:1 acid (Table 4 ). This cellular fatty acid composition is type A (17) . Small amounts of straightchain saturated C12:o acid, C14:0 acid, C15:o acid, C17:o acid, C1gZ0 acid, and C1gZ0 acid, straight-chain unsaturated Clgz1 acid, cyclopropane C17:O acid, and 3-OH C10:o and 3-OH C14:o hydtoxy acids were also detected. methanol (7). Their DNA composition ranges from 43 to 49 mol% G+C. The homogeneity of these strains was supported by their cellular fatty acid compositions, their quinone systems (22) , and the occurrence of squalene (22) . Obligately C1-utilizing bacteria that use the RuMP pathway have been described for marine methanol-utilizing bacteria, methanol-utilizing bacteria (Methylobacillus strains), and methane-utilizing bacteria (Methylomonas and Methylococcus strains). The obligately methanol-utilizing bacteria have been referred to as "Methylomonas" (1, 3,5, 8, 10, 11, 14), "Methylophilus" (9, 16) , and Methylobacillus (31). Table 5 . Methylophaga strains are similar to Methy lobacillus and Methylomonas strains based on morphological and physiological characteristics, the use of the RuMP pathway for C1 compound utilization, cellular fatty acid composition, quinone systems, and occurrence of squalene. However, Methylophuga strains are distinguished from Methylobacillus strains by tolerance to sodium chloride and DNA base composition and from Methylomonas strains by utilization of methane, tolerance to sodium chloride, and DNA base composition.
To identify their marine isolates, Yamamoto et al. (28) considered the utilization of fructose as a key character, and they assigned fructose-utilizing strain TK 1104 (= ATCC 33145) to a heterotrophic genus, Alteromonas, and fructosenonutilizing strain TK 1102 (= ATCC 33146 = IAM 12458 = NCMB 2244) to "Methylomonas," which was considered to be a genus of strictly methyltrophic bacteria. Janvier et al. (28) reported that marine methanol-utilizing bacteria were positive for reduction of nitrate, but Janvier et al. (7) showed a negative reaction for reduction of nitrate for such bacteria. According to our study, most strains showed a positive reaction for nitrate reduction (Table 2) . Differences among these results may be ascribed to cultural conditions or unknown factors, and utilization of D-fructose and reduction of nitrate do not always give clear-cut results. The DNA base composition of the genus Methylophaga was reported to be between 38 and 46 mol% G+C by Janvier et al. (7) . This range is a little different from our results (43.3 to 48.7 mol%) and those of Yamamoto et al. (43.8 to 47.6 mol% (28). We did not find any strain with 38 mol% G+C. Janvier et al. (7) studied the DNA-DNA homologies of marine methanolutilizing bacteria, Alteromonas macleodii, and two obligate I y met hanol-u t ilizi ng bacteria (Met hy lo bacillus glycogenes and "Methylophilus methylotrophus") and reported that marine methanol-utilizing bacteria were distinguished clearly from an Alteromonas strain and two obligately methanol-utilizing bacteria; the marine methanolutilizing bacteria were divided into two groups. Based on these data, Janvier et al. (7) established a new genus, Methylophaga. Our data on DNA base compositions, quinone systems (22) , and cellular fatty acid profiles verify the establishment of this genus for these marine methanolutilizing bacteria.
Two new species, Methylophaga marina and Methylophaga thalassica were described principally on the basis of DNA-DNA hybridization data and the electrophoretic patterns of glucose-6-phosphate dehydrogenase and methanol dehydrogenase. The phenotypic characteristics of the two species were for the most part identical. The differences at the molecular and enzymatic levels are not reflected in the differences in phenotypic characteristics. Therefore, these two species are not identified by phenotypic characteristics. From the data obtained and from practical considerations of identification, we believe that these two species should be characterized more precisely in the future. 
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